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E-mail address: tcirillo@unina.it (T. Cirillo).Ready-to-eat packed meals intended to hospital patients were studied over a two-weeks period to mea-
sure the contents of di-(2-ethylhexyl) phthalate (DEHP) and di-n-butylphthalate (DBP) and to evaluate
their daily intake by total diet. The packaging consisted of polyethylene terephthalate (PET) dishes sealed
with polypropylene (PP) foil. The DEHP mean concentrations in total meals varied from 0.061 ± 0.028 to
0.307 ± 0.138 lg/g wet weight (wet wt.); the DBP mean levels varied from 0.025 ± 0.018 to
0.174 ± 0.091 lg/g wet wt. Highest levels of concentration for DEHP and DBP were found in bread with
mean values of 0.307 ± 0.138 lg/g wet wt. and 0.174 ± 0.091 lg/g wet wt. for DEHP and DBP, respec-
tively. The daily intake for DEHP was 3.1 ± 0.9 lg/kg bw and 1.5 ± 0.5 lg/kg bw for DBP.
The mean ± sd incidence of DEHP and DBP intake via hospital meals on the respective EFSA TDI was
6 ± 2% (range 4–11%), and 15 ± 5% (range 8–24%), respectively. Even if for hospital patients the major
route of exposure may be represented by medical devices, the inﬂuence of the diet could have a signif-
icant value on TDI.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
It was recently highlighted that hospital meals, if not complying
with safety standards, may represent a high risk to health because
they serve hazardous foods to vulnerable people, as children, el-
derly people, pregnant women, immuno-compromised people,
etc., that are more susceptible to food-borne illness than the gen-
eral population, with potentially severe consequences (SA Depart-
ment of Health, 2008).
Hospital catering needs a complex production differentiated
according to each user’s proﬁle, which involves many professional
roles for the management of the numerous essential components
of the process, administrative and managerial, economic-ﬁnancial,
gastronomic, nutritional, dietetic and clinical care, catering and ho-
tel, but principally for the implementation of food safety pro-
grammes for which special guidelines have currently been
drafted. These guidelines provide advice and support to profession-
als in the hospital food supplying, focusing greater attention on the
nutritional aspects and on the microbiological proﬁle of the food
safety, overlooking often the chemical one (SA Department ofll rights reserved.
f Food Sciences, Facoltà di
’’, Via Università 100, 80055
081 2539407.Health, 2008; UK Department of Health, 2009; IT Ministero della
Salute, 2011). Nevertheless, many toxic chemicals may be present
in the food, whether they occur naturally, as contaminants, or as
deliberate additives or introduced through processing and packag-
ing practices. Among them, particular attention has been recently
paid on phthalates (PAEs), mainly on di-(2-ethylhexyl) phthalate
(DEHP) and di-n-butylphthalate (DBP), used as plasticizers in poly-
mers such as polyvinyl chloride (PVC), for their adverse effects on
human health (Latini et al., 2004; Fromme et al., 2007).
Biomonitoring studies performed on the general population
have shown the ubiquitous exposure to phthalates in all age groups
(Koch and Calafat, 2009) bymain routes of exposure represented by
ingestion, inhalation and dermal contact (Schettler, 2006). The
ingestion of commonly used drugs and medicines may also be an
important PAE’s source (Hauser et al., 2004; Hernández-Díaz
et al., 2009) as is the case for many antibiotics, antihistamines,
laxatives, herbal preparations and nutritional supplements coated
with ﬁlms made of synthetic polymers containing phthalates.
Hospital patients undergoing medical procedures such as intrave-
nous (IV) therapy, enteral and parenteral nutrition support, blood
transfusion, hemodialysis and peritoneal dialysis, cardiopulmonary
bypass (CPB) and extracorporeal membrane oxygenation (ECMO)
can be exposed to phthalates leached from PVC medical devices
(Food and Drug Administration, FDA, 2001). Empirical data,
although limited, have also demonstrated a positive association be-
tween the magnitude of exposure and the use of PVC containing
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2005). Genay et al. (2011) show currently contamination with
DEHP in medical devices containing PVC, even if the use of medical
devices containing DEHP has been disputed by the European Direc-
tive 2007/47/EC which came into force in March 2010, and new
plasticizers, such as trioctyltrimellitate (TOTM), di-isononylcycloh-
exan-1.2-dicarboxilate (DINCH) and ethylhexyl terephthalate
(DEHT), are now being used to soften PVC in medical devices.
PAEs are frequently components of food packaging materials,
from which they may be released into the food because they are
not chemically bound to the polymeric matrix, as documented by
many studies (Spillmann et al., 2009; Navarro et al., 2010). The
European Food Safety Authority (EFSA) established a tolerable dai-
ly intake (TDI) of 0.05 mg/kg body weight (bw) for DEHP and of
0.01 mg/kg bw for DBP (EFSA, 2005a,b).
Ingestion is thought to be a primary pathway of exposure to
some PAEs for general population especially those contained in
food packaging (Kueseng et al. 2007). In hospital patients, that
may be mainly exposed to PAEs through medical procedures and
medicine ingestion, the diet may represent a further source of
exposure increasing the patient intake of these contaminants dur-
ing hospital stay.
Data about the intake of DEHP and DBP through the hospital
diet are scarce (Tsumura et al., 2001b; Tsumura et al., 2003).
For this reason the aims of this study were to evaluate the levels
of DEHP and DBP in ready-to-eat packed meals served to hospital
patients and estimate their daily intakes from food pathway com-
paring them with DEHP and DBP TDIs established by EFSA.2. Materials and methods
2.1. Sampling
The study was carried out in a medium-size hospital of Campania Region (Italy),
with 350 beds. In this hospital, there was a catering industry that cooked and
packed meals in Polyethylene terephthalate (PET) dishes. During two weeks in
May–June 2010 all of the total meals were sampled at serving time at patient’s
bed. The meals in Italian public hospitals are under the control of the Food Hygiene
and Nutrition Service of Italian Department of Health, which attempts through its
nutritionists or dieticians to compile the diets in order to obtain well-balanced
meals. The daily dietary scheme, in accordance with local habits, was composed
of: breakfast consisting of hot drink (milk, tea, or barley coffee), two packets of
rusks and two containers of assorted fruits jams; lunch and dinner consisted in a
ﬁrst course (pasta, rice, legumes etc.), a second course (meat, ﬁsh, cheese or eggs),
a side dish (fresh or cooked vegetables) served with fresh fruit (pear, apple or or-
ange) and bread (rolls) (Table 1). The sample covered food included in a ‘‘normal
routine diet’’ and did not take into consideration dishes intended for patients with
special dietary requirements (special diets). In addition to cooked food, industrially
processed food were available for patients’ diet, such as bread wrapped in perfo-
rated polypropylene (PP) plastic bag; rusks PP packed; fruit jams PET packed in sin-
gle doses; ham wrapped in polyethylene and polypropylene polylaminate and
ﬁnally fresh cheese packed in PET containers.
Duplicate food sampling was done taking into account the biweekly variability
of the menu and the average hospital stay of a patient, estimated to be between 7
and 9 days (ISTAT, 2010). The production system consisted mainly in food cooking,Table 1
Composition of the typical diet served to patients in the studied hospital.
Meals Meal component Composition
Breakfast Milk, tea or barley coffee rusks, fruit jams
Lunch First course Pasta or rice with tomato sauce, pasta with legumes,
Second course Meat and meat products, ﬁsh and ﬁsh products, eggs,
Accompaniment Boiled potatoes, carrots, runner beans, spinach and ch
Fresh fruit Apple, peer, orange
Bread Roll
Dinner First course Pasta or rice with tomato sauce, pasta with legumes,
Second course Meat and meat products, ﬁsh and ﬁsh products, eggs,
Accompaniment Boiled potatoes, carrots, runner beans, spinach and ch
Fresh fruit Apple, peer, orange
Bread Rollquickly portioning in disposable dishes consisting of trays made of PET. The PET
containers were then thermally sealed with plastic PP foil. The hot drinks as milk,
tea and barley coffee, were packed in plastic cups with lid both in PET.
Packed and sealed meals were stored in carts Burlodge until hospital patient’s
delivery. Burlodge carts are divided into two parts, in this way, hot meals (pasta,
rice, legumes, meat, etc.) are stored at temperatures above 60 C and cold meals
(salads, cheeses, ham, etc.) at temperatures below 10 C. In the hospital cooking
center, the meals were placed in carts as they were packed, starting from cold
meals. The time span between the packaging of the meals and the arrival at the bed-
side of the patient was about 1 h.
Each sampled food was put in glass jars and quickly transported to the labora-
tory where it was weighed and codiﬁed. A total of 225 different food specimens
relating to each component of breakfast, lunch and dinner were collected, from
which 165 analytical samples were constituted. In fact, the ﬁrst course, second
course and side dishes, that daily constituted the menus of lunch and dinner, were
mixed together, homogenized, divided into aliquots of 15 g and lyophilized. Fresh
fruit were peeled before being homogenized, aliquotated in 5 g, lyophilized and
analyzed individually. About breakfast beverage, milk, tea, or barley coffee were ali-
quotated in samples of 15 g and lyophilized. The freeze-dried analytical samples
were stored at 20 C until analysis.
Bread and rusks were ground and subdivided into aliquots of 5 g and 10 g,
respectively, and analyzed individually. Fruit jams were analyzed as they were.
2.2. Chemical
The standard of di(2-ethylhexyl)phthalate (DEHP) and di-n-butylphthalate
(DBP), Gas Chromatography (GC) analytical grade, were obtained from Sigma Al-
drich Company Ltd. Dorset, U.K. Acetonitrile, n-hexane and anhydrous sodium sul-
fate were obtained from Merck KgaA Darmstad, Germany. Florisil (60/100 mesh)
was purchased from Supelco Bellefonte, PA USA and Bondesil (PSA 40UM) from Var-
ian Palo Alto, CA USA. All the reagents used in the experiment were of the highest
grade available and their purity was periodically checked by GC injection.
2.3. Instrumentation
PAE analyses were carried out by a Shimadzu GC-17 (Shimadzu, Kyoto-Japan)
capillary gas chromatograph with ﬂame ionization detector (FID), injecting 1 ll of
each extract on a HP-5 (Crosslinked 5% PHME Siloxane, 30 m length, 0.32 i.d.,
0.25 lm ﬁlm thickness) glass-capillary column. Helium was used as carrier and
hydrogen/air for the ﬂame. The injection mode was splitless, the injector tempera-
ture was 260 C, the detector temperature was 310 C. The temperature program
was 100 C for 1 min, increasing by 15 C/min to 280 C, staying at this temperature
for 10 min.
2.4. Calibration curves
The calibration curves were carried out diluting DEHP and DBP standards in n-
hexane at concentration of 10 mg/ml. Working standard solutions were prepared by
diluting the stock solutions in n-hexane, at concentrations of 2.5, 5.0 and 10.0 lg/ml
for DEHP and 1.25, 2.5 and 5.0 lg/ml for DBP. Determinations were carried out in
triplicate. The curves were constructed using the areas of the chromatographic
peaks measured at the three increasing concentrations. The linearity obtained by
regression analysis for both chemicals showed the regression coefﬁcients (R2)
>0.99.
2.5. Analytical parameters and quality assurance
Since PAEs are ubiquitous contaminants, during each analytical phase many
precautions were followed in order to avoid samples contamination. All the glass-
ware used during sampling and analytical activities were thoroughly washed,
rinsed twice with acetone and n-hexane, heated at 250 C for 2 h and ﬁnally stored,Mean serving weight (g)
Beverage (180), Rusks (30), Jams
(25)
rice in vegetable soup Menu (492)
mozzarella
ards dressed whit olive oil
(145)
(100)
rice in vegetable soup Menu (381)
ham, cheese, mozzarella, processed cheese
ards dressed whit olive oil
(145)
(100)
Table 2
DEHP and DBP contents in meals served to patients in the studied hospital.
Serving DEHP DBP
lg/g lg/serving lg/g lg/serving
Mean ± S. D. Mean ± S. D. Mean ± S. D. Mean ± S. D.
Range Range Range Range
Breakfast (n = 75) 0.061 ± 0.028 6 ± 4 0.025 ± 0.018 5 ± 3
0.012–0.116 1–14 0.008–0.072 2–13
Lunch (n = 15) 0.117 ± 0.058 59 ± 27 0.052 ± 0.034 27 ± 20
0.030–0.240 12–123 0.020–0.170 10–98
Dinner (n = 15) 0.158 ± 0.098 79 ± 48 0.067 ± 0.052 34 ± 27
0.029–0.398 16–177 0.009–0.180 4–99
Fresh fruit (n = 30) 0.098 ± 0.050 39 ± 45 0.063 ± 0.057 13 ± 11
0.040–0.161 5–120 0.030–0.164 5–30
Bread (n = 30) 0.307 ± 0.138 28 ± 15 0.174 ± 0.091 16 ± 10
0.110–0.420 11–42 0.093–0.273 5–27
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containing only the reagents was submitted to the analytical procedure, as de-
scribed below, with every series of three sample analysis and the mean value
was subtracted from PAE detected values.
For determinations of Detection Limits (LODs) and Quantiﬁcation Limits (LOQs),
20 blanks were used. These blanks were obtained submitting to the analytical pro-
cedure only the reagents and they were GC injected in triplicate. LODs were set as
mean blank value plus three times standard deviation and LOQs were set as three
times of LODs. For DEHP LOD was 5.0 ng/g and LOQ was 15.0 ng/g; while for DBP
were 7.5 ng/g and 22.5 ng/g. About reduction of background instrument contamina-
tion, every six determinations a run without injection was carried out. Besides the
syringe washing solvent was frequently exchanged.
2.6. DEHP and DBP detection
In accordance with the method described by Tsumura et al. (2001a), with minor
modiﬁcations (Cirillo et al., 2011), DEHP and DBP were extracted three times from
food samples by 15 ml of acetonitrile in an ultrasound bath for 15 min; the samples
were centrifuged at 2000 rpm for 10 min, collecting the acetonitrile layers in a
separatory funnel. 10 ml of n-hexane saturated with acetonitrile were added and
the funnel was vigorously mechanically shaken for 5 min. The acetonitrile phase
containing the PAEs was transferred to a ﬂask and dried under vacuum. The dried
extracts were reconstituted by 5 ml of n-hexane and cleaned up on a column
composited by 2 g of Florisil activated for 2 h at 200 C, 0.5 g of Bondesil and 1 g
of anhydrous Sodium Sulfate (Na2SO4). The column was eluted three times with
10 ml of n-hexane + acetone (100:5 v/v) collecting the eluates. The eluates were
evaporated under vacuum and reconstituted with 2 ml of n-hexane for GC analysis.
The PAE concentrations on lg/g were calculated comparing the areas of the
chromatographic peaks to those of the standard calibration curves.
The dietary contributions to the hospital patient’s DEHP and DBP daily intakes,
as lg/kg bw/day, were calculated multiplying the contaminant concentrations
found with the portion size weight of total eaten food and dividing the results by
an average body weight of 70 kg .
2.7. Recovery
As PAE certiﬁed matrixes are not available on sale, for recovery tests 10 lunch
menus, 10 dinner menus and 10 breakfast components were randomly analyzed
through PAE detection method described below. Among these, were chosen to
recovery tests the samples that showed DEHP and DBP levels quite similar to
LOQ. In particular, 3 analytical samples, chosen as described above from one lunch
menu, one dinner menu and three components of breakfast were spiked respec-
tively with 1 ml of each of the three standard working solutions containing DEHP
at 10.0, 20.0 and 40.0 lg/ml and DBP at 5.0, 10.0 and 20.0 lg/ml, stored overnight
and then processed as food samples. Each spiked extract was GC injected three
times. Final recovery results were obtained as the difference between the PAE
amounts detected and those detected before spiking. Mean recoveries were:
80.3 ± 3.5% for DEHP and 102.8 ± 4.4% for DBP.Table 3
DEHP and DBP daily intakes by diet and their incidence on TDI established by EFSA in the
Daily intake by diet lg/kg bw
Mean ± S.D. Range
DEHP 3.1 ± 0.9 1.9–5.4
DBP 1.5 ± 0.5 0.8–2.43. Results and discussion
The DEHP and DBP concentrations in the foods and meals ana-
lyzed and the mean contents by serving are shown in Table 2. The
highest levels of concentrations were found in bread with DEHP
and DBP mean values of 0.307 ± 0.138 lg/g wet wt. (range 0.110–
0.420 lg/g wet wt.) and 0.174 ± 0.091 lg/g wet wt. (range 0.093–
0.273 lg/g wet wt.), respectively. Bread rolls are industrially
packed in plastic bags quickly after baking, at a temperature that
can favor the plasticizer release. These values are quite similar to
levels found by Cirillo et al., 2011 in bread served in school meals
(DEHP and DBP mean values of 0.270 ± 0.143 and 142.8 ± 78.0 lg/
g wet wt. respectively).
The dinners showed the highest mean concentrations of DEHP
and DBP (0.158 ± 0.098 and 0.067 ± 0.052 lg/g wet wt., respec-
tively). Even if the composition of the lunch menus was quite sim-
ilar to that of the dinners, sliced ham and cheese industrially
produced and packed under vacuum in PET were served exclu-
sively at dinner. This may explain the higher values of contamina-
tion found in dinner menus considering also that ham and cheese
have a fat amount higher than other foods. DEHP and DBP contam-
ination in lunches and dinners may be attributable to a contamina-
tion due to the foodstuffs and to the preparation and packaging of
meals. As described in the literature, the main sources of such con-
tamination result from the products containing PAEs that are in
contact with food during food processing and packaging (Sharman
et al., 1994; Tsumura et al. 2001a; Casajuana and Lacorte, 2004;
Mortensen et al., 2005; Cirillo et al., 2011).
Lower levels of contamination of both DEHP and DBP were
found in breakfast (DEHP mean 0.061 ± 0.028 lg/g wet wt. and
range 0.012–0.116 lg/g wet wt.; DBP mean concentration
0.025 ± 0.018 lg/g wet wt and range 0.008–0.072 lg/g wet wt.).
Regarding breakfast food components, the highest DEHP concen-
trations were found in fruit jams with mean 0.080 ± 0.030 lg/
g wet wt., while for DBP, the highest concentration levels were
found in rusks with mean 0.045 ± 0.012 lg/g wet wt., products
both industrially packed. Among the hot drinks, milk showed the
highest levels of concentration of both DEHP (mean
0.048 ± 0.024 lg/g wet wt.) and DBP (mean 0.021 ± 0.008 lg/
g wet wt.) (data not shown), probably due to lipid content of milk.patients of the studied hospital.
EFSA TDI lg/kg bw/day Incidence on EFSA TDI%
Mean ± S.D. Range
50.0 6 ± 2 4–11
10.0 15 ± 5 8–24
Table 4
Literature data on daily total diet intakes of DEHP and DBP in adult populations (lg/kg bw/day).
Source Mean intake
(lg/kg bw/day)
Study details Country
DEHP DBP
Pfannhauser et al. (1995) 4.9 2.9 10 volunteers (18–50 years; 5 female); 7 consecutive days,1994 Austria
MAFF (1996) 2.1* 0.2* Only fatty food total diet study, 1993 UK
Petersen and Breindahl (2000) 2.7–4.3 1.8–4.1 Duplicate sample from 29 adults; one day, 1994 Denmark
Tsumura et al. (2001b) 7.4 0.2 One-week duplicate hospital samples diet (food handling with PVC gloves), 1999–2000 Japan
Tsumura et al. (2003) 2.3 0.2 One-week duplicate hospital samples diet (food handling without PVC gloves), 2001 Japan
DEHRM (2003) 5.0# 0.39# 14 Male adults (20–29 and 45–68 years);samples over 7 consecutive days, normal diet,
1999–2000
UK
Fromme et al. (2007) 2.5 0.6 Duplicate diet samples over 7 consecutive days in 27 female and 23 male healthy subjects
aged 14–60 years, 2005
Germany
Our study 3.1 1.5 Two-week duplicate hospital diet samples Italy
* Derived from individual daily intake using a body weight of 60 kg.
# Eating a normal diet.
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from dinners (79 ± 48 lg and 34 ± 27 lg, respectively). The daily
intakes of DEHP and DBP by total diet in hospital patients, in the
studied conditions, and the contribution to daily total intakes
(TDI), established by EFSA for adult people of 70 kg bw (EFSA,
2005a,b), 50 lg/kg bw for DEHP and 10 lg/kg bw for DBP, are re-
ported in Table 3. The estimate of the daily DEHP intakes, obtained
for all total diets ingested by patients during the ﬁfteen days of this
study, showed a mean value of 3.1 ± 0.9 lg/kg bw (range 1.9–
5.4 lg/kg bw); the daily DBP intakes showed mean value of
1.5 ± 0.5 lg/kg bw (range 0.8–2.4 lg/kg bw). These values are low-
er than those established by EFSA both for the DEHP and DBP. On
the basis of the mean and the maximum values obtained in the
study, DEHP and DBP intakes by hospital diet can represent on
average the 6 ± 2% (max. 11%) and the 15 ± 5% (max. 24%) respec-
tively of the EFSA TDIs. The daily DEHP total diet intake is also low-
er than tolerable intake (TI) value of 0.6 mg/kg b.w./day
established by the FDA (FDA, 2001).
3.1. Literature data comparison
Although phthalate contamination of foods has been widely
demonstrated, up to now too few studies are available about die-
tary phthalate intake under real-life conditions. These studies, car-
ried out by different methods, evidenced on adult populations
DEHP and DBP daily total diet intakes varying meanly from 2.1
to 7.4 lg/kg bw and from 0.2 to 4.1 lg/kg bw, respectively. There-
fore, even if Italian diet scheme may be quite different from those
ones from other countries, our data (3.1 lg/kg bw for DEHP and
1.5 lg/kg bw for DBP) ﬁt data from other studies, as shown in
Table 4.
4. Conclusion
This study regarded the evaluation of DEHP and DBP levels in
hospital packed meals and the consequent evaluation of intakes
of hospital patients through daily diet. The DEHP and DBP levels
found in this study ranged from 0.012 to 0.420 lg/g wet wt.
(DEHP) and from 0.008 to 0.273 lg/g wet wt. (DBP); while daily
DEHP intake range was 1.9–5.4 lg/kg bw and daily DBP intake
range 0.8–2.4 lg/kg bw. The evaluated daily total intakes by diet
may cover up to 11% for DEHP and 24% for the DBP of the TDI
established by EFSA. Considering that in hospital patients the med-
ical practices and devices may be relevant routes of exposure the
diet can be considered not negligible in overcoming of DEHP and
DBP TDIs. These compounds were found mainly in the processed
and packed foodstuffs employed in supplying hospital meals, sug-
gesting that manufacturing and contact with plastic wrapping canplay a major role in the phthalate contamination on foods; as
shown also by the high levels of DEHP and DBP found in bread
rolls, in rusks, in marmalade fruit jams and in foods, as ham and
cheese.
In this study foods have not been studied before packaging and
therefore we cannot say with certainty that contamination by
DEHP and DBP can be relative to the process and to packaging of
meals or was endogenous to the food itself. In addition, the inﬂu-
ence of the temperature and the time of contact of the food with
the container inside the Burlodge cart have not been evaluated, be-
cause the aim of this study was to carry out the evaluation of hos-
pital patients exposure under real conditions, but it is plausible
that these parameters could inﬂuence the migration of the plasti-
cizers from the packages into the foods as demonstrated by the
same authors in a previous study (Cirillo et al., 2011).
A close examination is needed in order to assess the whole
exposure of hospital patients by all pathways. Therefore, to sum
up, next studies may be intended to assess the levels of dermal
and inhalatory exposure (indoor air quality in hospital areas) and
the total exposure by DEHP and DBP urinary metabolite detection.
About the food processing, the evaluation and control of inﬂuenc-
ing parameters, mainly the storage time/temperature and the lipi-
dic food content to be in contact with package, and the reduction of
the contamination during food handling, cooking and portioning,
etc., by the use of plants, machinery, equipments and packaging
materials not containing PAEs or obtained by new production tech-
niques avoiding any PAE migration (Navarro et al., 2010), could be
strategies of mitigation of exposure to PAEs through diet.
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